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Abstract - Sisal fiber is a promising reinforcement for use in composites on account of its low cost, low density, high 
specific strength and modulus, no health risk, easy availability in some countries and renewability. In recent years, there has 
been an increasing interest in finding new applications for sisal-fiber-reinforced composites that are traditionally used for 
making ropes, mats, carpets, fancy articles and others. Sisal composites are being used in other advanced applications such 
as sports, cases of mobile and laptop, toys, marine railings etc. Sisal fiber has high strength and stiffness, good elongation at 
break, light in weight, nonabrasive, nontoxic, and biodegradable properties which makes it an efficient reinforcement 
material in the preparation of its polymer-based composites for engineering applications. Observing the tremendous 
advantages and opportunity of natural fibers there is a need to further explore the possibility of sisal fiber to be used as 
reinforcement in polymer composites for tribological applications. 
 
 
I. INTRODUCTION 
 
isal fiber is one of the most widely used natural fiber 

and is very easily cultivated. It is obtain from sisal 
plant. The plant, known formally as Agave sisalana. 
These plants produce rosettes of sword-shaped leaves 
which start out toothed, and gradually lose their teeth 
with maturity. Each leaf contains a number of long, 
straight fibers which can be removed in a process 
known as decortication. During decortication, the 
leaves are beaten to remove the pulp and plant 
material, leaving the tough fibers behind. The fibers 
can be spun into thread for twine and textile 
production, or pulped to make paper products. 
From ancient times sisal has been the leading material 
for agricultural twine because of its strength, 
durability, ability to stretch, affinity for certain 
dyestuffs, and resistance to deterioration in saltwater. 

1. Sisal is used commonly in the shipping 
industry for mooring small craft, lashing, 
and handling cargo. 

2. It is also surprisingly used as the fibre core 
of the steel wire cables of elevators, being 
used for lubrication and flexibility purposes. 
Traditionally sisal was the leading material 
for agricultural twine or baler twine. 
Although this has now been overtaken by 
polypropylene. 

3. It is used in automobile industry with 
fiberglass in composite materials. 

4. Other products developed from sisal fiber 
include spa products, cat scratching posts, 
lumbar support belts, rugs, slippers, cloths 
and disc buffers. 

5. Sisal is used by itself in carpets or in blends 
with wool and acrylic for a softer hand. 

 
Fiber-reinforced composites (FRCs) are a group of 
nonmetallic biomaterials that are growing in 
popularity. FRCs are a combination of two materials 

in which one of the materials, called the reinforcing 
phase, is in the form of fibers, and is embedded in the 
other material, called the matrix phase. Fiber-
reinforced composites have superior properties 
compared to conventional structural materials. They 
already gain a very high standard, resulting in 
application in the aerospace and other important 
industries, however, there is still room for further 
improvement. These aim toward manufacturing, cost 
reduction during material processing, application, and 
last but not least superior material properties. 
 Tribology is the science of wear, friction and 
lubrication, and encompasses how interacting 
surfaces and other tribo-elements behave in relative 
motion in natural and artificial systems. This includes 
bearing design and lubrication. Tribology is not an 
isolated science, but rather a complex, 
multidisciplinary endeavor where advances are made 
by collaborative efforts of researchers from fields 
including mechanical engineering, manufacturing, 
materials science and engineering, chemistry and 
chemical engineering, physics, mathematics, 
biomedical science and engineering, and more. 
 
Functions of Tribological Systems: 
Operating Inputs: 
 Type of motion 
 Load 
 Velocity 
 Temperature 
 Input Matter 
Functional Outputs: 
 Motion 
 Power 
 Information 
 Matter 
 Materials 
 
This paper is a description of how fibre composites 
can be made from naturally available sisal, how sisal 

s
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is treated, methodology of creating composites and 
how they vary from each other in tribological aspects. 
 
II. LITERATURE REVIEW 
 
Sisal fibre is a hard fibre extracted from the leaves of 
the sisal plant (Agave sisalana).The plant, though 
native to tropical and sub-tropical North and South 
America, is now widely grown in tropical countries 
of Africa, the West Indies and the Far East. A sisal 
plant produces about 200 250 leaves before 
flowering, each of which contains 1000-1200 fibre 
bundles. The leaf is composed of 4% fibre, 0.75% 
cuticle, 8% dry matter and 87.25% water [1] The sisal 
leaf contains three types of fibre [2] mechanical, 
ribbon and xylem fibres. The mechanical properties 
of sisal fibres obtained from different age at three 
different temperature were investigated by Chand and 
Hashmi [3] Mechanical properties of natural fibers, 
especially flax, hemp, jute and sisal, are very good 
and may compete with glass fiber in specific strength 
and modulus [4, 5] Table below lists the mechanical 
properties of some natural and man-made fibers. 
 

 
 
Natural fiber-reinforced composites can be applied in 
the plastics, automobile and packaging industries to 
cut down on material cost [6].It has been shown [7]  
that the tensile properties of sisal fibre are not 
uniform along the length of the fibre. Mukherjee and 
Satyanarayana [8]  studied the effects of fibre 
diameter, test length and test speed on the tensile 
strength, initial modulus and percent elongation at the 
break of sisal fibres. 
 
The chemical compositions of sisal fibres have been 
reported by several groups of researchers [9–12]. For 
example, Wilson [9] indicated that sisal fibre contains 
78% cellulose, 8% lignin, 10% hemi-celluloses, 2% 
waxes and about 1% ash by weight; but Rowell [5] 
found that sisal contains 43–56% cellulose, 7–9% 
lignin, 21–24% pentosan and 0.6–1.1% ash. More 
recently, Joseph et al. [11] reported that sisal contains 
85–88% cellulose. These large variations in chemical 
compositions of sisal fibre are a result of its different 
source, age, measurement methods, etc. Indeed, 
Chand and Hashmi [12] showed that the cellulose and 
lignin contents of sisal vary from 49.62–60.95 and 
3.75–4.40%, respectively, depending on the age of 
the plant. 
Processing of plastic composites using natural fibers 

as reinforcement has increased dramatically in recent 
years [13–17]. Advantages of natural fibers over 
man-made fibers include low density, low cost, 
recyclability and biodegradablility [18–20] Silane is a 
chemical compound with chemical formula SiH4. 
Silanes are used as coupling agents to let glass fibers 
adhere to a polymer matrix, stabilizing the composite 
material. Silane coupling agents may reduce the 
number of cellulose hydroxyl groups in the fiber–
matrix interface. In the presence of moisture, 
hydrolyzable alkoxy group leads to the formation of 
silanols. The silanol then reacts with the hydroxyl 
group of the fiber, forming stable covalent bonds to 
the cell wall that are chemically absorbed onto the 
fiber surface [21]. Therefore, the hydrocarbon chains 
provided by the application of silane restrain the 
swelling of the fiber by creating a crosslinked 
network due to covalent bonding between the matrix 
and the fiber. The reaction schemes are given as 
follows [21] 

 
Many researchers applied silane treatment in surface 
modification of glass fiber composites [22 -25]. 
Silane coupling agents were also found to be effective 
in modifying natural fiber–polymer matrix interface 
and increasing the interfacial strength. Three 
aminopropyl trimethoxy silane with concentration of 
1% in a solution of acetone and water (50/50 by 
volume) for 2 h was reportedly used to modify the 
flax surface [26] 
Rong et al. [27] soaked sisal fiber in a solution of 2% 
aminosilane in 95% alcohol for 5 min at a pH value 
of 4.5–5.5 followed by 30 min air drying for 
hydrolyzing the coupling agent. Silane solutions in a 
water and ethanol mixture with concentration of 
0.033% and 1% were also carried by Valadez et al. 
[28]  Fiore et al. [29] reported the use of sodium 
bicarbonate treatment of sisal fibers before their 
reinforcement into epoxy resin. 
Recently, there are high demands on the usage of 
natural fibres for various applications. This is due to 
the current global demands and regulations in 
reducing pollutions and contaminations [30–33], 
which can be partially overcome by introducing 
natural fibres as alternative to the synthetic fibres. 
Consequently, applications of natural fibre 
composites are becoming extensive in automotive 
industries [32, 33],. household appliances [31, 32], 
furniture [31], and electronic industries [31–33] 
Extensive works have been conducted on the effect of 
natural fibres on the tribological performance of 
thermoset polymeric composites such as epoxy and 
polyester [30, 32, 33-38]. In reference [39], frictional 
and wear behaviour of graphite-modified polyester 
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cotton composites indicated that cotton fibres 
improve the integrity of the composite structural and 
reduce specific wear rate, but the fibres increased the 
friction coefficient. In another work, adhesive and 
abrasive wear of treated and untreated oil palm fibres 
reinforced polyester composite have been 
investigated under dry and wet contact conditions 
[30, 32, 33] 
To reduce vehicle weight, the manufacturers are 
moving away from steel towards aluminum, plastics 
and composites [34]. Experts anticipate that in the 
very near future, polymer and polymer composites 
will comprise »15% of total car weight [35] Auto-
makers now see strong promise in natural fiber 
composites [36–38]  Car makers are looking 
increasingly at natural fiber reinforced thermoplastics 
to cut weight and costs in interior and under-the-hood 
engine components. Daimler Chrysler [39] in Europe 
has done considerable development work on natural 
fiber composites for automotive applications and Fiat 
in Italy is also following a similar path. 
The fruits of years of research have resulted in natural 
fiber composite underbody  parts as well as exterior 
components [40] For the manufacturers, the low cost 
of bio fibers is the main attraction for their growth in 
the composite field. Recent reports of Kline & 
Co.[41]  put the price of natural fibers  as reported by 
various suppliers to the auto industry such as Visteon, 
Johnson Controls and Findlay in North America as:   
ax $0.15–$0.21 per pound; hemp $0.15–$0.65 per 
pound; kenaf $0.15– $0.30 per pound. 
MAPP is now a well-known coupling agent for PP-
based composites either from natural fiber [42–46]  or 
man-made fibers like glass [47, 48] The addition of a 
small percentage of epolene is found to enhance the 
mechanical properties of PP based composites quite 
significantly 
The performances of brakes are controlled to an 
important extent by the composition and 
microstructure of the pad material. Industrial pads 
usually contain a large number of different 
constituents, such as ceramic particles and fibres, 
minerals, metallic chips and fibres, solid lubricants 
and elastomers, all bound by, for instance, a phenolic 
resin [49,50]. 
In fact, brake material should maintain a relatively 
high, stable and reliable friction coefficient over a 
wide range of braking conditions, temperature and 
humidity. Metals, such as copper, steel and brass are 
used in order to affect the frictional characteristics 
and relevant wear behaviour of involved materials by 
a suitable selection of their type, morphology and 
hardness [51–53]. Nowadays, brake material 
manufacturers are regularly testing materials to 
develop new formulations for brake pads that might 
respond more efficiently to the end users demands for 
materials featuring steady frictional coefficient 
[54,55], low wear rates [56–58], reduced emission of 
particulate matter (PM) in the atmosphere (hazardous 
debris) [59–61], and noise [62-64] 

III. METHODOLOGY 
 
A. Materials 
Commercially available, chopped sisal fibers (3 mm) 
were supplied by Women’s Development 
Organization, Dehradun, India. PP Repol H110MA 
were procured from CIPET, Kochi and MAPP Optim 
P408 were bought from Associate Sales/Plus 
Advanced Technologies Pvt. Ltd. B-205, Tower 
Pioneer, Urban Square, Sec 62, Gurugram, Haryana. 
 
B. Fiber Surface Modification Using Sodium 
Bicarbonate 
Chopped sisal fibers (as received) were soaked into a 
solution of NaHCO3 and water at 308C, having 
NaHCO3 concentration of 10% (w:v). The fiber 
soaked solution was stirred at regular intervals of 1 h 
during the treatment period. The fibers were removed 
from the solution at time intervals of 24 h, and 
subsequently washed under running distilled water to 
get rid of the sodium ions. Treated sisal fibers were 
then dried at a temperature of 100°C for 8 h in an air 
oven and were subsequently cooled and stored in 
desiccator prior to processing. The breakdown of 
NaHCO3 into hydroxide ions and carbonic acid in the 
presence of water, renders a mildly alkaline nature to 
the aqueous solution. Hence, NaHCO3 aqueous 
solution is expected to behave similar to NaOH 
solution while reacting with lignocellulosic fibers as 
depicted in. However, NaHCO3 solution being mildly 
alkaline is expected to take longer time to react and 
achieve the desired results compared to highly 
alkaline NaOH solution. Hence, NaHCO3 
concentration of 10 wt% was used as it is the 
maximum amount of NaHCO3 that is soluble in water 
at room temperature (25–308C). 
 
C.  Silane Treatment 
The detergent washed fibers were dipped in 5wt% 
silane solution in alcohol water mixture (60 : 40) for 
1 hr at room temperature. 3-amino 
propyltriethoxysilane (APS) were used as coupling 
agents. The pH of the solution was maintained to 4 
with acetic acid. Then the fibers were washed in 
distilled water and dried. 
 
D.  Machines and Equipment 
 
1) Injection Moulding Machine 
Injection molding machine molds can be fastened in 
either a horizontal or vertical position. The majority 
of machines are horizontally oriented, but vertical 
machines are used in some niche applications such as 
insert molding, allowing the machine to take 
advantage of gravity. Some vertical machines also do 
not require the mold to be fastened. There are many 
ways to fasten the tools to the platens, the most 
common being manual clamps (both halves are bolted 
to the platens); however, hydraulic clamps (chocks 
are used to hold the tool in place) and magnetic 
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clamps are also used. The magnetic and hydraulic 
clamps are used where fast tool changes are required. 
 

 
 
The person designing the mold chooses whether the 
mold uses a cold runner system or a hot runner 
system to carry the plastic from the injection unit to 
the cavities. A cold runner is a simple channel carved 
into the mold. The plastic that fills the cold runner 
cools as the part cools and is then ejected with the 
part as a sprue. A hot runner system is more 
complicated, often using cartridge heaters to keep the 
plastic in the runners hot as the part cools. After the 
part is ejected, the plastic remaining in a hot runner is 
injected into the next part. 
 
2) Compression moulding machine 
Compression molding is a well known technique to 
develop variety of composite products. It is a closed 
molding process with high pressure application. In 
this method , two matched metal molds are used to 
fabricate composite product. In compression molder, 
base plate is stationary while upper plate is movable. 
Reinforcement and matrix are placed in the metallic 
mold and the whole assembly is kept in between the 
compression molder. Heat and pressure is applied as 
per the requirement of composite for a definite period 
of time. The material placed in between the molding 
plates flows due to application of pressure and heat 
and acquires the shape of the mold cavity with high 
dimensional accuracy which depends upon mold 
design. Curing of the composite may carried out 
either at room temperature or at some elevated 
temperature. 
 

 
 
After curing, mold is opened and composite product 
is removed for further processing. In principle, a 
compression molding machine is a kind of press 
which is oriented vertically with two molding halves 
(top and bottom halves). Generally, hydraulic 
mechanism is used for pressure application in 

compression molding. The controlling parameters in 
compression molding method to develop superior and 
desired properties of the composite. All the three 
dimensions of the model (pressure, temperature and 
time of application) are critical and have to be 
optimized  effectively to achieve tailored composite 
product as every dimension of the model is equally 
important to other one. 
If applied pressure is not sufficient, it will lead to 
poor interfacial adhesion of fiber and matrix. If 
pressure is too high, it may cause fiber breakage, 
expulsion of enough resin from the composite system. 
If temperature is too high, properties of fibers and 
matrix may get changed. If temperature is low than 
desired, fibers may not get properly wetted due to 
high viscosity of polymers especially for 
thermoplastics. If time of application of these factors 
(pressure and temperature) is not sufficient (high or 
low), it may cause any of defects associated with 
insufficient pressure or temperature. The other 
manufacturing factors such as mold wall heating, 
closing rate of two matched plates of the plates and 
de-molding time also affect the production process. 
 

 
 
3) Twin Screw Extruder 
In the extrusion of plastics, the raw compound 
material is commonly in the form of nurdles (small 
beads, often called resin) that are gravity fed from a 
top mounted hopper into the barrel of the extruder. 
Additives such as colorants and UV inhibitors (in 
either liquid or pellet form) are often used and can be 
mixed into the resin prior to arriving at the hopper. 
The process has much in common with plastic 
injection molding from the point of the extruder 
technology though it differs in that it is usually a 
continuous process. While pultrusion can offer many 
similar profiles in continuous lengths, usually with 
added reinforcing, this is achieved by pulling the 
finished product out of a die instead of extruding the 
polymer melt through a die. 
The material enters through the feed throat (an 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-10, Oct.-2018, http://iraj.in 

Tribology of Hybrid Polymer Composites 
 

46 

opening near the rear of the barrel) and comes into 
contact with the screw. The rotating screw (normally 
turning at e.g 120 rpm) forces the plastic beads 
forward into the heated barrel. The desired extrusion 
temperature is rarely equal to the set temperature of 
the barrel due to viscous heating and other effects. In 
most processes, a heating profile is set for the barrel 
in which three or more independent PID-controlled 
heater zones gradually increase the temperature of the 
barrel from the rear (where the plastic enters) to the 
front. This allows the plastic beads to melt gradually 
as they are pushed through the barrel and lowers the 
risk of overheating which may cause degradation in 
the polymer. 
Extra heat is contributed by the intense pressure and 
friction taking place inside the barrel. In fact, if an 
extrusion line is running certain materials fast 
enough, the heaters can be shut off and the melt 
temperature maintained by pressure and friction alone 
inside the barrel. In most extruders, cooling fans are 
present to keep the temperature below a set value if 
too much heat is generated. If forced air cooling 
proves insufficient then cast-in cooling jackets are 
employed. 
At the front of the barrel, the molten plastic leaves the 
screw and travels through a screen pack to remove 
any contaminants in the melt. The screens are 
reinforced by a breaker plate (a thick metal puck with 
many holes drilled through it) since the pressure at 
this point can exceed 5,000 psi (34 MPa). The screen 
pack/breaker plate assembly also serves to create 
back pressure in the barrel. Back pressure is required 
for uniform melting and proper mixing of the 
polymer, and how much pressure is generated can be 
"tweaked" by varying screen pack composition (the 
number of screens, their wire weave size, and other 
parameters). This breaker plate and screen pack 
combination also eliminates the "rotational memory" 
of the molten plastic an creates instead, "longitudinal 
memory". 

 
After passing through the breaker plate molten plastic 
enters the die. The die is what gives the final product 
its profile and must be designed so that the molten 
plastic evenly flows from a cylindrical profile, to the 
product's profile shape. Uneven flow at this stage can 
produce a product with unwanted residual stresses at 
certain points in the profile which can cause warping 
upon cooling. A wide variety of shapes can be 
created, restricted to continuous profiles. 

The product must now be cooled and this is usually 
achieved by pulling the extrudate through a water 
bath. Plastics are very good thermal insulators and are 
therefore difficult to cool quickly. Compared to steel, 
plastic conducts its heat away 2,000 times more 
slowly. In a tube or pipe extrusion line, a sealed water 
bath is acted upon by a carefully controlled vacuum 
to keep the newly formed and still molten tube or 
pipe from collapsing. For products such as plastic 
sheeting, the cooling is achieved by pulling through a 
set of cooling rolls. For films and very thin sheeting, 
air cooling can be effective as an initial cooling stage, 
as in blown film extrusion. 
Plastic extruders are also extensively used to 
reprocess recycled plastic waste or other raw 
materials after cleaning, sorting and/or blending. This 
material is commonly extruded into filaments suitable 
for chopping into the bead or pellet stock to use as a 
precursor for further processing.  

 
 
E. Procedure 
Three types of samples were compounded with 
differently treated sisal fibres with PP Repol 
H110MA and MAPP optim 408 using Injection 
Moulding Machine. The samples that were made are 
given below. 
Sample 1: 200 Gram of Silane treated Sisal Fibre + 
(760 Gram of PP Repol  H110MA + 40 Gram of 
MAPP  Optim p408) 
Sample 2: 200 Gram of Sodium Bicarbonate 
(NaHCO3 ) treated Sisal Fibre + (760 Gram of PP 
Repol  H110MA + 40 Gram of MAPP  Optim 
p408)Sample 3: No sisal Fibre + (960 Gram of PP 
Repol  H110MA + 40 Gram of MAPP  Optim p408) 
 
F. Test Specimens 
Test specimens used for wear test: 
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PP + MAPP Composite 

 
Silane Treated Sisal Composite 

 
NaHCo3 Treated Sisal Composite 
 
Test specimen used for tensile stress: 

 
PP + MAPP Composite 

 
Silane Treated Sisal Composite 

 
NaHCo3 Treated Sisal Composite 
 
IV. TESTING 
 
A. Tensile Strength 
The tensile test is generally performed on flat 
specimens cut in the shape of dog-bone. The standard 
test method as per ASTM D3039-76 was used. The 
length of the test specimen used was 140 mm and 
with an average thickness of 4 mm. The tensile test is 
performed in universal testing machine (UTM) 
Instron 1195. The tests were performed with a cross 
head speed of 2mm/min. For each test composite of 
five samples were tested and average value was taken 
for analysis. 
 
Tensile Strength Results 
 
Test results for tensile stress: 
 

Composition Test 1 Test 2 Test 3 
MAPP 31.5 31.274 31.902 

NaHCo3 24.976 24.672 24.525 
Sisal 26.507 25.79 26.006 

 

 
 
Test results for tensile strain 
 
Composition Test 1 Test 2 Test 3 

MAPP 1540.493 1745.671 1520.492 
NaHCo3 1911.224 1897.58 1900.398 

Sisal 2037.849 2128.968 2050.197 
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B. Wear Test 
Dry sliding wear test has been carried out under 
multi-pass condition on a pin-on-disc type wear 
testing machine (As per ASTM G-99 standard) 
supplied by Magnum Engineers, Bangalore. Ceramic 
Disc was used for the mentioned test on the 
specimens The specimens under tests were fixed to 
the sample holder. The holder along with the 
specimen (Pin) was positioned at a particular track 
diameter. A track radius of 50mm was selected for 
this experiment and was kept constant for the entire 
investigation. 
 
Calculation of Wear 
Wear rate was estimated by measuring the weight 
loss of the specimen after each test. The weight loss 
was calculated by taking the weight difference of the 
sample before and after each test. The weight loss: 

(∆퐰) = (퐰퐚 −퐰퐛) 
Where Δw is the weight loss in gm. and wa and wb are 
the weight of the sample after and before the abrasion 
test in gm. The abrasive wear rate (W) can be 
calculated by using the following formula: 

퐖 =
∆퐰

훒× 퐒퐝
 

 
Where ‘W’ is the wear rate in m3/m, ‘ρ’ is the density 
of the composite, ∆w the weight loss in gm and ‘Sd’ 
is the sliding distance in m. 
 
For characterization of the abrasive wear behavior of 
composite, the specific wear rate is employed. This is 
defined as the volume loss of the composite per unit 
sliding distance and per unit applied load. Often the 
inverse of the specific wear rate can be expressed in 
terms of volumetric wear rate. The specific wear rate 
(k0) can also be calculated by using equation 
 

퐤ퟎ = ∆퐰/(훒× 퐒퐝 × 퐋) 
 
Where ‘k0’ is the specific wear rate in m3/Nm, ‘∆w’ 
is the weight loss in grams, ‘Sd’ is the sliding distance 
in meter, and ‘L’ is the applied load in N. 
 
Wear Test Results 
Wear test results for sisal fibre treated with sodium 
bicarbonate: 

 

 
 
Wear test results for sisal fibre treated with silane: 

 

 
 
Wear test results for PP+MAPP: 
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CONCLUSION 
 
Wear Test: 
As sliding distance increases wear increases. 
With increasing speed C.O.F increases and wear rate 
decreases. 
With increasing load sp wear decreases. 
Tensile Strength: 
Tensile strength decreases with increase in fibre 
content. 
As fibre content increases there will be higher fiber to 
fiber contact which leads to poor interfacial bonding 
between fibre and matrix. 
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